A study was conducted to determine the prevalence of bovine tuberculosis in Grenada, West Indies, using an intradermal tuberculin test and a commercial bovine interferon gamma (IFN-γ) ELISA simultaneously. All 148 randomly selected cattle comprising 10% of the estimated cattle population of Grenada, gave negative results in both tests, indicating possible freedom from tuberculosis in cattle herds in this island nation.
Introduction
Bovine tuberculosis caused by Mycobacterium bovis is found in cattle throughout the globe. A broad range of mammalian hosts; including humans, cattle, deer, llamas, cats, pigs, wild carnivores (fox, coyotes) and omnivores (opossums, rodents, and mustlids), and rarely equines and sheep can be infected by M. bovis (Delahay et al., 2002) .
The incidence of disease in bovines varies from one country to another depending on several factors, including location of the country, wildlife reservoirs, and national control programs of herd tuberculin testing, supported by active abattoir surveillance. Through the process of "test and cull" many countries in the world have been able to reduce or limit its incidence. Status of bovine tuberculosis in the Caribbean countries has been reported by de Kantor and Ritacco (1994 (Prionics, 2008) .
The objective of the present study was to estimate the prevalence of tuberculosis in cattle herds in Grenada using both intra dermal tuberculin test and IFN-γ assay.
Methods
Blood from jugular vein was collected in two separate tubes with heparin from 148 randomly sampled cattle from all the six parishes of mainland Grenada (35 herds, consisting of 6% of the estimated cattle population in the country, which is approximately 2500). All cattle were sampled from herds having less than 10 cattle. When the herd size was more than 10 cattle, 80% of animals were sampled. In general, most herds in Grenada are small, consisting of 1-3 animals.
To perform the IFN-γ assay, avian and bovine tuberculin (Prionics AG, Schlieren, and Switzerland) were added in whole blood samples (in separate tubes) within 5 minutes of blood collection, and incubated at 37°C overnight. After incubation, plasma was harvested by centrifugation for 5 minutes at 2000 g. Plasma was tested with IFN-γ ELISA (Bovigam ELISA kit from Prionics AG, Switzerland) as per the manufacturer's directions. Concurrently, an intradermal tuberculin test, using tuberculin PPD (bovine) and tuberculin PPD (avian), obtained from Prionics USA (La Vista, Nebraska), was performed on each corresponding animal from which blood was collected for IFN-γ ELISA. For tuberculin test, injection sites selected for PPD (bovine) and PPD (avian) were in the middle third of the side of the neck, one above the other separated by about 10-12 cm. The animals were ear tagged for the purpose of identification.
An interviewer-administered questionnaire was used to get information about awareness of bovine tuberculosis by cattle owners. A total of 33 farmers were interviewed.
Results and Discussion
Of the 148 cattle tested, no animal gave a positive reaction for bovine tuberculosis in intradermal tuberculin test or in IFN-γ ELISA. It is accepted that IFN-γ ELISA detects animals that show a negative reaction with intradermal tuberculin test, probably because it detects animals earlier after infection than tuberculin test. When used in parallel with tuberculin test, interferon gamma assay is capable of identifying infected cattle, which might otherwise not be detected until later (Gormley et al., 2006) . The IFN-γ assay is at least as sensitive and specific as the best considered intradermal tuberculin tests, and it performs with high accuracy in the field (de Kantor and Ritacco, 2006 , Antognoli et al., 2011 . However, its high cost hampers its use in routine diagnostic screening for tuberculosis (Ritacco et al., 1991; Linenbaum et al., 1999; Perez et al., 2002) . The advantage of early detection by using a combination of the above tests is that positive animals can be removed, resulting in reduction of the source of infection for other cattle. Tuberculin test in cattle does not interfere with IFN-γ response.
However, false-negative response for tuberculin test can occur soon after infection, in the late stage of the disease, and in animals with poor immune response (Tizard, 2013) .
Of the 33 cattle farmers interviewed, 6 (18%) had heard about bovine tuberculosis. Out of these 6, four (66.7%) knew how it was transmitted and only one (16.7%) knew of its zoonotic potential. Twenty seven cattle owners were not aware of this important disease. None of the farmers reported their animal carcass condemned at the abattoir as a result of lesions consistent with bovine tuberculosis. It has been reported that the level of disease awareness among farmers is often related to the prevalence of the disease (Brook and McLachlan, 2006 ). Therefore, the low level of awareness among cattle owners on bovine tuberculosis in Grenada may be related to the apparent freedom from this disease in the country. It may be noted that the cattle herds in Grenada are small, and there is no wildlife such as deer, elk, and bison, which could serve as reservoirs of tuberculosis in this island nation. Published information on human tuberculosis in Grenada is lacking, although cases of tuberculosis have been reported from the prison in Grenada (Thomas D, Ministry of Agriculture, Fisheries and Forestry, Government of Grenada, personal communication. 2013) . In Trinidad and Tobago, 17 cases of human tuberculosis were reported in the year 2006 from a population of 100,000 (Baboolal et al., (2009) . However, human tuberculosis caused by M. bovis appears to be rare in most regions of the Americas, including the Caribbean (de Kantor et al., (2010) . In the United States, human tuberculosis due to M. bovis during 1995 to 2005 was only 1.4% among cases confirmed by bacteriological tests (Hlavsa et al., 2008) . Similarly, in the United Kingdom, only 0.5 to 1.5% of all culture-confirmed cases were due to M. bovis during 1990 to 2003 (dela Rua-Domenech, 2006) . In Latin America, less than 1% of human tuberculosis is reported as being due to M. bovis (Thoen et al., 2009) . Further studies, including laboratory examination of lymph nodes from carcasses of slaughtered animals may shed more light on the prevalence of this important zoonotic disease in Grenada.
Conclusions
A study conducted two decades ago in Grenada for bovine tuberculosis using the intradermal tuberculin test gave negative results indicating absence of this disease in cattle. Our results of this study using the intradermal tuberculin test and an additional test, an IFN-γ ELISA, confirm that bovine tuberculosis does not appear to be a problem at present in Grenada. However, continued surveillance, including examination of suspected specimens from slaughtered cattle is required to establish freedom from this important zoonotic disease.
